This paper investigates the dynamic relationship between the commodity price and the exchange rate in Australia and New Zealand. We focus on Australia and New Zealand. Not only do their primary commodities account for significant shares of their exports, but also their currencies share some distinctive characteristics that are unique from other commodity currencies. Using country-specific commodity price indices, we examine the relationship between the departure of currency value from its fair value and fundamental macroeconomic variables. Evidence of a strong and robust relationship between the exchange rate and the commodity price has been found. Results indicate that the commodity price can be used to improve the forecast ability of the future exchange rate. Our commodity-price-augmented exchange rate forecasting model consistently outperforms the random-walk model, for both in-sample and out-of-sample forecasting. These results shed some extra lights on policymaking for countries that rely on primary commodity production, and attempt to move towards floating exchange rate regimes as part of their global market liberalization process.
Introduction
In past few decades, many attempts to investigate the relation between fundamental macroeconomic variables and exchange rates have been proven to be failed, not to mention numerous unsuccessful endeavours that economists have made on building various types of exchange rate forecasting models. In early 1970s, after the post-war Bretton Woods system of fixed exchange rates col-
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DOI: 10.4236/***.2017.***** 2 Theoretical Economics Letters lapsed, a large number of industrialized economies shifted to floating exchange rate regimes. Thus, lots of interests have been put on foreign exchange markets studies. Majority of these work focused on the development of macroeconomic variables based empirical models when forecasting future exchange rates. Meese and Rogoff [1] [2] concluded that there are no exchange rate forecasting models that could outperform a simple naïve model, i.e. a random walk model, for short to medium time horizons. Subsequent attempts have been undertaken to develop a suitable model to forecast exchange rate, but many failed to do so. Therefore, a simple random walk model has become a benchmark when evaluating exchange rate forecasting performance. Recent literatures on exchange rate determination and forecasting are in line with the propositions found decades ago. Many empirical results conclude that the exchange rate follows a random walk process, changes in exchange rate are unpredictable and currencies for high-inflation countries tend to depreciate in long term with the magnitude being approximately the inflation differential. Movements of the actual exchange rate appear to be sometimes overshot and then followed by a smooth adjustment to the equilibrium [3] [4] [5] [6] .
There has been a strand of research investigating countries with differing exchange rate regimes and economic structures. In particular, countries with "Commodity Currencies" have been given more attentions, evidences have been found that there exists a long-run relationship between the real exchange rate and the real commodity price for commodity-exporting countries 1 [7] , including Australia, Canada, Chile, New Zealand 2 , and South Africa. Similar results are confirmed by Chen and Rogff [8] for Australia, Canada and New Zealand. In addition, Chen [10] found that for three major OECD (The Organization for Economic Cooperation and Development) primary commodity producers (Australia, Canada, and New Zealand), nominal exchange rates exhibit a robust response to movements in prices of their corresponding commodity prices. Chen and Rogff [11] then subsequently identified two countries from the OECD regime-Australia and New Zealand, as the "exceptions to the rule" when considering exchange rate determination and forecasting. They confirm and extend previous findings that for major commodity exporters with market-based exchange rates, the price of their primary commodity exports is an important and robust determinant for the real exchange rates. However, the commodity price itself tells little about subsequent exchange rate movements. But when combining various macroeconomic fundamentals with the commodity price, results suggest that it can help to predict quarterly exchange rate changes, however, no single specification emerges as the clear winner across both countries and time period. Other literatures for selective developed and developing nations looking at the same issue include: Amano and van Norden [12] , Gruen and Wilkinson 1 For countries that are heavily relied on comm odity products to gain export earnings, the price movements in the world commodity markets would then be the changes in the relative demands for their corresponding currencies. 2 For New Zealand in particular, it refers to Luo and Plantier [9] , which focuses on the persistence of NZ dollar misalignments relative to PPP. Theoretical Economics Letters [13] , De Gregorio and Wolf [14] , Chinn and Johnston [15] , and Montiel [16] . However, none was able to offer conclusive evidence to answer why these commodity currencies are unique and may require further investigation. Therefore, our study serves to answer these questions.
Australia and New Zealand are two open economies in the OECD regime.
They both share a number of distinctive features in economic structures and policy settings. These special features have made the two nation's currencies demonstrate a remarkable strong "commodity currency phenomenon" and to stand out among other commodity currencies 3 . Australia is an export-oriented economy, whose exports in primary commodity products take a significant portion of their gross domestic production. Characterized by mainly mineral (or "hard") commodity exporting, the primary commodity products exported by Australia include iron ore, metallurgical coal, thermal coal, gold and various other metal products. These non-energy products, along with other commodities account for more than 60% of Australian total exports. New Zealand, in contrast, its exports are heavily dependent on agricultural products such as dairy products, wools, meats and other "soft" commodities. Commodity products exporting contribute about 67% of its total exports in the late 80s. Primary commodity products still take about 50% of New Zealand's total exports today.
Moreover, New Zealand is a well-known key player of its commodity products in the global market, in spite of its relatively small economy. It supplies nearly 50% of the total world exports of lamb and mutton where only a fraction of less than 20% of its meat production is consumed domestically. Given both countries are heavily dependent on commodity products to gain export earnings, the price movement in world commodity market would then have an impact on the relative demand for the corresponding currency. Neither of the two countries is big enough to influence the world market, they both also have adopted a sufficiently long period of a floating exchange rate regime under the inflation targeting system 4 , central banks normally have very limited controls and interventions over exchange rate movements. Commodity price fluctuations can then essentially represent a source of exogenous shocks to their terms-of-trade, which eventually channel up and trigger the exchange rate responses. Therefore, the introduction of the country-specific commodity prices indices in Australia and New Zealand's commodity exporting in early 1980s, has offered an opportunity to identify and measure exchange rate fluctuations using these indices.
Motivated by Chen and Rogff [8] [11] studies, we try to investigate if movements in commodity prices can explain the fluctuation in exchange rates. We develop an exchange rate forecasting model by putting the commodity price into the structural forecasting model and to examine if this improves the accuracy of 3 Cashin, Cespedes, and Sahay [7] have classified 58 countries as the "commodity economies" that have a significant commodity dependency. In addition to Australia and New Zealand, these countries include Finland, Iceland, Norway, and numerous other developing countries. Figure 2 illustrates the relationship between the NZ commodity price and the value of New Zealand Dollar from 1986 to 2010, the base level is set at 100 as of January 1986.
Commodity Price Indices in Australia and
Australian and New Zealand commodity price index and their corresponding quoted exchange rate against US dollar from 1986 to 2010, respectively. The commodity index is the monthly time series and its base value is set at 100 as of 1 st January 1986.
In Figure 1 , we observe that the Australian commodity price and the AUD/USD exchange rate appear to have an inverse relationship. This suggests that when the commodity price is moving up, the AUD/USD exchange rate is Previous studies have found that some economics models, i.e. PPP, UIP, can only provide valid information when forecasting exchange rates in the long run.
Results from these models usually are not better than a simple random walk 6 Please see Cashin, Cespedes and Sahay [7] for more details. model. Since the term "Commodity Currency" has been introduced and brought to the attention of international finance, researchers have found some promising evidences that commodity price may play some roles in determining and forecasting exchange rates 7 . A recent study by Luo and Plantier [9] has estimated the half-life of NZD/AUD cross rates deviation is about 0.6 years (the time it takes for actual exchange rate to return to its theoretical fundamental value, in this case its PPP value). Whereas a study conducted by Chen and Rogoff [8] reports a more than 1.6 years half-life for the NZD/USD pair and an average of 3 to 5 years reported for various pairs of the commodity currencies in simple PPP-based regression models.
If a random walk is what the exchange rate movement follows, then effects of innovations on the exchange rate are highly persistent and the time series can fluctuate without bounds [7] . In Figure 4 , the NZD/AUD long-term "Fair Value" (or the long-term "Equi- 'break' of actual exchange rate movements. The lacking correlation between the nominal exchange rate and its underlying long-term equilibrium value from existing literatures may be due to the fact that many attempted to model movements of nominal exchange rates using long-term equilibrium value as the explanatory variable. Therefore, in our model, we propose to use the "departure from currency's long-term equilibrium value" (the difference between the nominal exchange rate and its long-term equilibrium value) rather than the long-term equilibrium value itself. This makes our methodology superior to previous studies.
Data Descriptions
The to the country-specific commodity export prices [7] .
Theoretical Framework and Methodology
Purchasing Power Parity (PPP) states a relationship between the nominal exchange rate and the inflation (price level) differences between two countries.
Such a relationship can be expressed in a basic form as the following:
where S t is the nominal exchange rate; P t is the price level, both in logarithm forms. Equation (1) simply defines that the change of the exchange rate can be approximated by the difference of the price levels between two counties and the purchasing power parity holds to a certain degree of error.
The Uncovered Interest Parity (UIP) condition gives an approximation that:
where i is the nominal interest rate; t E represents the expected spot exchange rate at time t. Notes this setting is only valid under the risk-neutral assumption.
If we relax this assumption and we get Equation (3):
E S S i i RP
where RP is the risk premium on country A's interest bearing assets over country B's assets. As expectations are not necessarily rational, we therefore rearrange 9 As in Chen and Rogoff [8] , we focus only on non-energy commodity due to its underlying economics complexity. In addition, for non-economic-related causes, such as international security concerns, often contribute to both global energy price and currency fluctuations, and are likely to complicate interpretations. This may potentially explain in part why higher energy prices, at times, appear to lead to a depreciation of the currency relative to the US dollar. Theoretical Economics Letters Equation (3) as following:
Equation (4) differs from Equation (2) as it takes into consideration of the risk premium that the investor seeks in order to be willing to hold foreign assets.
Equation (4) 
We therefore derive the following equation:
The term S ∞ above can be represented by the PPP condition as Equation (1) and prevail in the infinite future under the assumption that there was no interest rate differential between two counties. In this case S ∞ can be expressed as:
Furthermore, we can then express the expected future PPP exchange rate as the sum of the current (today's at time t) PPP exchange rate plus the sum of future expected inflation rate differentials and any expected changes of ε ∞ :
If we substitute Equation (9) into Equation (7) and rearrange the equation, we can then derive the current exchange rate t S : 
Equation (10) above represents a dynamic relationship between two countries' exchange rates, interest rates and price levels (inflation). The spot exchange rate is dependent on a number of observable factors as well as various unobservable factors. We define observable factors (interest rates and price levels in Equation (10)) as the "Fair Value" described in Equation (11) 
All data are monthly and in logarithm forms except the average risk premium. Departure from Fair Value
Define "Error" as the departure of the actual exchange rate from its long term fair value at time t, derive from Equation (12), we then use the following regression specification to examine the relationship between 'Error' and the following independent variables: 
Data in Equation (13) are monthly data and in logarithm forms except the relative GDP which is the logarithm difference between two underlying countries' GDP growth rates and the data is quarterly. t α is the constant term.
( ) In order to estimate significant shocks that cause the "Error" (the "departure" from the fair value), we take a reduced-form approach by adopting a general-to-specific search among potential variables that may have an impact on the currency value. We investigate a few macroeconomic variables that are relevant and significant both economically and statistically in determining the nominal value of NZD/AUD cross exchange rate. The specification for approximating NZD/AUD cross exchange rate is marginally different from the specification for NZD/USD and AUD/USD exchange rates estimations. This is due to differences in economic structures, policy marking and government regulations between Australia, New Zealand and the U.S. Therefore, impacts from shocks on under- 10 The selection of representative interest rate has taking into considerations of the fact that normally the short-term interest rate variation is often anticipated by the market, and any fully anticipated monetary policy on the interest rate changes should not affect the value of exchange rate. Moreover, we have realized that a longer term interest rate maybe even better, after considering other factors, i.e. data availability and liquidity (particularly in NZ market), one-year interbank swap rate was chosen.
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The momentum term and the reversion-to-fair-value terms in equation 13 represent "overshooting" effects in exchange rate dynamics. 
The above specification follows an error-correction framework; it is conducted in a way that ensures the consistency of the robustness relationship of dependent variables with the exchange rate. The equation, therefore, established to estimate coefficients that are not sensitive to minor variations for the chosen sample period. indicate that when putting macroeconomic variables into the regression model, the NZD/AUD cross rate model does provide superior results than others.
Results and Discussion

Regression Results
In Table 1 (14) . We conduct both the "general" model (Columns 2, 4 and 6) and the 'specific model (columns 3, 5 and 7). We eliminate variables that are insignificant from the "general" model until all remaining variables are significant in the "specific" model. The dependent variable is the actual exchange rates between NZD/AUD, AUD/USD and NZD/USD. The corresponding t-statistics are reported in parentheses. All variables are in logarithm forms. We have included NZ Migration as an explanatory variable because of the general-to-specific search indicated that it is statistically significant. The relative GDP is lagged for three periods as GDP data is quarterly. *, ** and *** indicate statistical significant at the 10%, 5%, and 1% level, respectively. The coefficients for mean reversion and the relative GDP growth in Table 1 are statistically significant at the 5% level for the NZD/AUD cross rate model (for both "general" and "specific" specifications). However, in NZD/USD models, there are no statistical evidences which support the existence of either the mean reversion effect or the effect of relative GDP growth. For AUD/USD models, the effect of relative GDP growth between Australia and the US is statistically significant at the 10% level in the "general" model, and at the 5% significant level in the "specific" model. We also put the "Net Migration" variable to measure the effect of New Zealand Net Migration to Australia. The Net Migration coefficient is statistically significant at the 1% level in the NZD/AUD cross rate model. One Munroe [18] found that "migration flows (between New Zealand and Australia) have an outsized effect on the housing market, which causes large flows of funds, and affect the exchange rate indirectly via interest rates". Despite the fact that New Zealand net migration towards Australia is a statistically significant variable in the model, we excluded it from our further analysis as it is deemed to be economically insignificant because the coefficient is 0.0000019.
Regression Models with Structural Breaks
We now turn to examine possible structural breaks during our sample period.
Two possible structural breaks are chosen to reflect two most recent major financial crises; early 2001 and late 2007. We simply give the time-dependent dummy variable a value of "one" for the period before the break date and a value of "zero" for the period after the break date. Results in Table 2 and Table 3 suggest that coefficients of time dependent variable provide relatively little evidence of any structural break. We therefore conclude that we may have some possible small parameter shifts for the sample period, and the expected sign and magnitude of coefficients are stable over the entire sample period without systematic structural breaks. We now turn to explore in-sample and out-of-sample forecasting performances for the NZD/AUD cross rate model.
In-Sample and Out-of-Sample Forecasting 13
In this section, the following regression equation is going to be used to perform the in-sample forecasting for NZD/AUD cross rate: . . According to Statistic NZ, the biggest destination for New Zealand emigrants is by far its best neighbor-Australia. Moreover, Australia is the second in line among the countries that listed as the biggest source of New Zealand's immigrants with account for 20% of all migrant arrivals. 13 See Appendix B for an illustration of the out-of-sample forecasting in details. However, despite the superiority of our NZD/AUD cross rate in-sample forecasting model, it is necessary for us to use contemporaneous data when conducting such estimates. Therefore, an out-of-sample forecast performance test is to be conducted. For out-of-sample forecasting, we first adopt standard quantitative procedures involved in forecasting the departure from the fair value from Equation (12), where the forecasting errors are defined as:
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where 1 k ≥ and t k S + represents the k-step-ahead forecast.
We measure forecasting errors for four time intervals, 1-month-ahead, Table 4 and Table 5 future exchange rate forecasting to use the data set available before and after the exchange rate regime shift. In addition to the exchange rate regime shift, the out-of-sample period also spans a period of sharp exchange rate depreciation as well as the sustained appreciation, which began in 1992. Thus, our exchange rate model is believed to better facilitate a more comprehensive model evaluation across the out-of-sample forecasting period. Contrary to previous findings, our fundamental macroeconomic variable exchange rate model has a better forecasting accuracy in short-time horizons (3-month and 6-month) relative to 15 The in-sample forecasting period is from the 1 st month of year 1986 to 1 st month of 2010, which contains entire sample of 219 observations. Theoretical Economics Letters longer time horizons (9-month and 12-month).
Conclusion
The relationship between the exchange rate and fundamental macroeconomic variables has drawn lots of attentions to many researchers for many years, yet, no clear consensus has been emerged. In this paper, we focus on a set of selective currencies which are considered as the "Commodity Currencies", namely the New Zealand and the Australian dollars. We incorporate commodity prices from these two countries into the exchange rate forecasting model. Results shed extra light on two main issues. Firstly, commodity currencies are not the same across countries. Some are more of "commodity currencies" than others, i.e. more pronounce in New Zealand and Australia than in the U.S. This is due to the fact that The attributes behind our empirical results are likely to be the "Enhanced Commodity Currencies Phenomenon", represented by the fact that both underlying currencies (NZD and AUD) are commodity currencies, and they are both subject to the "Commodity Currencies Phenomenon" discovered in recent literatures. In addition, there is a unique underlying economic relationship between these two OECD nations: close geographically, free from trade restrictions, high co-movement in financial markets, are contributing to our findings.
Results in this paper have provided further understanding of exchange rate dynamics to commodity prices. In addition, the superior and potential exploit- • crude oil will be reintroduced to the index and the whole history of the ICP back-cast accordingly; and • milk powder will be added and rice will be excluded from the index, Appendix B
An out-of-sample forecasting example: 3-month-ahead forecast First, as we mentioned in the in-sample forecasting section, our sample period of in-sample forecasting is the full data set from January 1986 to January 2010.
However, due to the consideration of the exchange rate regime shift, we define out-of-sample forecasting period as from February 1990/March 1993 to January 2010. We set May 2002 as time "t", we assume it is the last month of the "in-sample" period and it is 3-month before the "out-of-sample" forecasting period. Next, we derive NZD/AUD long term fair value by adopting either one of the four methods we mentioned in the paper. Here, for simplicity, we assume 
